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IJITPvODUCTIClT 


This  investigation  consists  of  a  study  of 
the  methods  of  electric  welding,  the  machines 
used,  and  of  their  applications,  from  a  commer- 
cial standpoint,  and  some  data  compiled  from 
actual  tests  on  v/elds  made  from  small  stock.  A 
study  of  the  most  important  machines  used  for 
welding  in  the  commercial  world,  was  made  from 
current  literature,  and  tahles  to  show  the  com- 
parative costs  of  electrical  methods  with  other 
methods  are  introduced.      The  actual  tests  were 
made  on  small  specimens  on  a  machine  designed  to 
weld  by  use  of  the  resistance  method.      Data  was 
obtained  of  power  used  in  making  the  welds  and 
testing  them  for  tensile  strength  and  efficiency. 


DE5'Ii:iTI0IT 


TTelding  is  the  process  of  uniting  two  or  more  pieces  of  metal 
into  a  homogeneous  body,  hy  heating  the  parts  to  be  united  to  a 
temperature  that  will  produce  fusion  of  the  adjacent  molecules, 
vrhen  the  heating  effects  of  an  elecxric  current  is  applied  to  pro- 
duce the  required  temperature  for  fusion,  the  process  is  called 
electric  welding. 

HISTORICAL 

The  art  of  welding  iron  is  prohably  as  old  as  the  earliest 
production  of  that  metal;  in  fact  iron  v/as  the  only  weldatle  metal, 
with  the  exception  of  gold  and  platinum,  until  the  closing  years 
of  the  nineteenth  century.      TThen  the  heating  effects  of  the  elec- 
tric current  were  applied  to  weld  metals,  it  was  found  that  many 
alloys  could  te  welded  by  this  process,  which  otherwise  could  not 
he  done.      However,  at  the  present  time,  iron  is  the  principal 
metal  that  is  welded  hy  electricity. 

During  recent  years  the  extension  of  electric  welding  has 
"been  steady,  and  each  year  has  witnessed  its  entrance  into  new 
fields.      The  rapidity,  cleanliness,  accuracy,  and  economy  of  the 
electric  process  has  won  for  it  an  important  place  in  the  manu- 
facturing v/orld.      The  uniformity  of  work,  extreme  localization  of 
heat  to  the  parts  to  he  united,  and  the  fact  that  the  process  is 
not  limited  to  iron  and  steel,  but  can  also  "be  applied  to  copper, 
brass,  hronzes ,  and  lead,  are  characteristics  of  electric  welding. 
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METHODS  OF  ELECTRIC  T/SIDHIG. 

There  are  two  separate  processes  uy  v/hicii  the  heating  eiieccs 
01  an  eiec-cric  curreno  are  -atilized  lor  welding  metals;  namely, 
tne  Kosistance  metnod,  and  tne  Arc  metnod.      A  discussion  oi  the 
resistance  method,  with  applications  of  the  same,  will  now  oe  given 

Vfhen  an  electrie  current  passes  tnrough  a  circuit,  the  temp- 
erature of  the  material  in  the  circuit  is  increased  to  a  value 
depending  upon  the  resistance  ot  the  material  and  the  strength  of 
the  current.      The  electric  pov/er  transferred  into  heat  is  equal 
to  I^R,  in  which  I  is  the  current  in  amperes,  and  R  is  the  resis- 
tance of  the  circuit  in  ohms .      Since  the  resistance  of  iron  is 
comparatively  low,  especially  for  a  very  short  length  of  the  mater- 
ial, it  is  necessary  to  pass  a  very  large  current  through  the  mater^ 
ial  in  order  uo  "bring  it  to  a  welding  heat.      This  large  current 
is  produced  ty  means  of  a  transformer  VYiiich  steps  dov-Ti  the  voltage. 
Since  the  product  of  volts  and  amperes  in  the  primary  and  secondary 
coils  of  the  transformer  is  approximately  the  same,  tnen  the  curren 
at  a  low  voltage  v/ill  be  very  large,  wnen  stepped  down  from  a  highe; 
voltage.      In  its  simplest  form,  an  electric  welder  consists  of  a 
transformer,  the  primary  coil  of  whicn  receives  current  at  any 
commercial  voltage ,  and  steps  it  dovm  to  current  at  a  voltage  suf- 
ficient to  send  the  necessary  amperage  through  the  secondary'-.  Its 
secondary  coil  consists  of  a  few  turns  of  copper  bar  of  very  large 
cross-section  so  tnat  it  may  carry  a  large  current.      The  low  volt- 
age impressed  upon  the  pieces  to  he  v/elded  is  easily  insulated, 
and  cannot  in  any  way  endanger  the  operator.      The  pieces  to  be 
welded  are  held  in  clamps  or  vises  carrying  the  terminals  of  the 
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secondary  coil.  The  clamping  devices  and  tne  switch  may  be  either 
of  hand  control  or  automatic,  as  is  done  in  many  machines. 

APPLICATIONS  OF  THE  RESISTAITCE  METHOD 
OP  ELECTRIC  V-TDLDIIIG 

Electric  welding  by  the  resistance  method  is  used  in  many 
manufacturing  establishments  at  the  present  time.      In  the  wagon 
and  carriage  industr^^  the  process  is  applied  in  the  production  of 
steel  tires  of  all  cross-sections,  axles,  fiftn  wheels,  and  shaft 
iron.      The  wires  inclosed  in  ruober  tires  for  holding  them  in 
place  are  also  v/elded  in  many  cases  'tij  an  electric  current.  In 
the  manufacture  of  bicycles,  various  parts,  such  as  crank-hangers, 
pedals,  frames,  and  urake  parts  are  welded  by  this  process.  Crank 
shafts  for  automobile  engines  are  formed  by  welding  the  separate 
parts  together,  and  afterwards  lightly  machining  and  finishing  the 
approximately  correct  shaft.      This  application  of  electric  weld- 
ing has  become  especially  important  in  the  last  few  years  oecause 
01  the  increased  demand  for  automooiles.      Elaborate  macninery  for 
the  production  of  steel  tubing  from  flat  stock  by  tne  progressive 
v/elding  of  a  longitudinal  seam  has  oeen  put  into  operation.  Tubes 
or  shells  up  to  sixteen  inches  in  diameter  have  been  made  from 
sheet  metal  in  this  manner. 

In  the  simpler  tjrpes  of  electric  vzelding  machines,  especially 
where  the  machines  are  designed  to  do  a  variety  of  work,  perhaps 
of  different  forms  or  sizes  of  pieces,  the  adjustments  are  usually 
made  by  hand.      In  many  cases,  as  when  welding  v/ire,  the  pressure 
is  automatically  applied,  and  the  current  is  cut  off  automatically 


upon  the  completion  ot  the  joint.       In  more  automatic  machines, 
adapted,  for  rax>id  repetition  of  the  same  operation  on  identical 
pieces,  the  machine  runs  continuously,  being  driven  by  a  source  of 
pov/er.      Examples  of  such  machines  are  found  in  the  manufacture  of 
xiire  fence,  and  the  consecutive  welding  of  the  links  of  chains. 
In  these  m.achines ,  the  operation  once  started  goes  on  continuously, 
as  long  as  the  supply  of  material  lasts . 

Another  im.portant  application  of  electric  welding  is  tnat 
of  rail  "bonding.      An  equipment  designed  by  Johnson  for  such  work, 
has  been  found  very  satisfactory  and  is  used  quite  extensively 
at  the  present.      BeloY^  is  given  a  sketch,  shov/ing  the  necessary 
apparatus  to  perform  this  v/ork. 

The  apparatus  shown  belov/  is  mounted  on  three  cars;  car  num- 
ber 1  contains  a  hooster;  car  number  2  a  rotarj,'  converter;  and 
car  number  2  the  v/elding  Transformer.      The  transformer  is  mounted 
upon  a  carriage,  swung  froci  a  heavy  crane,  arranged  to  oe  raised 
or  loT/ered,  or  svaing  from  side  to  siae .      The  secondary  coil  is 
designed  to  deliver  a  current  of  from  i50,000  to  40,000  amperes  at 
a  voltage  of  from  two  to  four  volts.      The  transformer  is  air- 
cooled  and  the  contact  blocks  forming  the  Jav/s  of  tne  welder  are 
made  hollow  to  permit  the  circulation  of  water  for  cooling  purposes 


Figure  1 . 
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TABLE  1. 

COST  OP  LIAKIUG  9/22  IITCH  COmiOII  CHAIIT. 

COIvIPrLED  BY  AlIDRIS-JOCHAMS,  BRUSSELS,  BS 

LGIUlil. 

On  Gas 

By  Electric 
Pr ocp  ss 

Daily  average  welded,  in  links 

2800 

4000 

Daily  average  welded,  in  feet 

Daily  average  welded,  in  pounds 

175 

263 

Cost  of  material,  17o  pounds,  at  vl.60 

per  100  Ids 

■52.80 

• 

Cost  of  material,  26ii  poujids  au  vl.60 

per  100  lbs. 

04.208 

Waste  in  winaing,  cuxting,  ana  welding 

.28 

u.O 

Cost  of  welding  at  ^1.6b  per  100  pounds 

$2.89 

Cost  of  welding  at  v'1.50  per  day  lor 

laoor 

£1  50 

Cost  of  fuel,  3000  feet  of  gas  ax  Ib^ 

per  1000  feet 

.45 

Cost  of  current,  40,000  watt  hours,  ax 

per  1000 

2  00 

Daily  expense  (50  percent  of  welding  cost jl. 45 

.75 

Total 

^;7.87 

58.458 

Cost  per  100  pounds 

^p4 . 50 

^3  •  21 

Cost  per  100  feet 

^;3.87 

^;2.54 

6 

I'lr .  AncLris- Jochams  of  Brussels,  Belgium  has  had  tahles  of 
data  compiled  from  tests  made,  sho¥/ing  the  relative  costs  of  mak- 
ing 9/52  inch  chain  on  a  gas  fire  and  a  Girand  Ullectric  V/elding 
Machine.      The  results,  on  page  5,  show  that  the  total  cost  of 
making  chains  on  the  Girand  machine  is  v2.54  per  one  hundred  feet 
as  compared  with  v?3.87  on  a  gas  fire.      Thus  a  saving  of  .^1.33 
per  one  hundred  feet  of  chain  of  this  size  is  accomplished  by 
the  use  of  electric  v/elding. 

ARC  ITETHOD  OP  HLSCTRIG  ^TKLDIHG 

The  second  process  of  uniting  metals  hy  electricity  depends 
upon  the  heating  effects  of  the  electric  arc.      There  are  two  meth- 
ods of  arc  welding;  welding  with  a  common  arc  flame,  and  Y/ith  a 
deflected  arc  flame. 

The  common  arc  system  is  the  more  simple  of  the  two.  The 
pieces  to  he  united  are  placed  close  together  and  used  as  one  elec- 
trode of  the  arc  ?/hile  carhon  is  used  as  the  other  electrode,  or 
in  some  cases,  carton  is  used  as  one  electrode  and  some  metal  which 
is  to  he  used  as  a  joining  material  is  used  as  the  other  electrode. 
In  the  first  case,  the  molecules  of  the  pieces  to  he  v/elded  are 
fused  together  while  in  the  second  case  the  joining  material  is 
fused  and  poured  in  between  the  pieces  to  he  unitea,  thereby  casting 
or  brazing  the  pieces  together. 

The  deflected  arc  system  is  otherwise  laiovm  as  the  Zerener 
system  of  arc  ?/elding,  and  its  action  is  based  upon  the  v/ell  known 
phenomenon  of  the  deflection  of  the  electric  arc  by  a  magnet. 


The  mutual  action  of  an  electric  current  and  a  magnet  is  the  "basis 
of  the  operation    of  dynamos,  galvanometers,  and  most  forms  of 
electrical  apparatus,  hut  the  effect  is  no  where  so  strikingly 
shown  as  when  an  electro-magnet  is  placed  in  close  proximity  to 
an  arc  which  is  playing  bet¥/een  two  carbon  points .      In  its  applic- 
ation to  arc  welding,  the  magnet  is  used  to  drive  the  arc  out  fron: 
The  electrodes  till  it  resembles  a  hlow-pipe  flame,  and  tne  arc 
is  used  as  such  with  the  difference  that  its  temperature  is  much 
higher. 

There  are  two  forms  of  apparatus  for  applying  the  deflected 
arc,  according  to  the  size  of  the  flame  required.      Figure  2 
shows  the  smaller  form  of  apparatus.      The  arc  passes  from  carbon 
to  carhon  and  the  feed  is  controlled  hy  means  of  a  small  thumh 
screw.      The  horse-shoe  magnet,  the  position  of  wnich  is  adj'ust- 
able,  deflects  the  arc  and  spreads  the  flame  over  the  area  desired 
to  he  heated.      This  form  of  apparatus  is  for  general  use  and  is 
applied  uy  hand  to  the  work  by  the  operator. 

The  apparatus  shown  in  Fig-ure    3     is  more  ponderous,  oeing 
used  for  larger  and  more  specific  kinds  of  work,  and  is  suspended 
in  any  suitable  position  for  the  work  in  hand.      The  application 
and  action  of  tnis  apparatus  is  precisely  the  same  as  the  smaller 
one,  except  that  the  car"bons  are  fed  automatically. 

These  machines  have  heen  successfully  applied  to  such  work 
as  welding    steel  pipes  longitudinally  up  to  one-half  inch  thick- 
ness, boiler  plates,  deck  plates,  seams  in  barrels,  and  general 
welding  around  locomotive  shops. 


Figure  2 


Figure  3 
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ADVA1JTAGS3  01?  3LECTRIC  V/ELDIIIG 

The  process  of  making  welds  "by  applying  an  electric  current 
to  produce  the  required  heat  has  many  advantages  over  the  process 
of  heating  the  metal  to  be  welded  in  a  forge.      Iron  heated  in  a 
forge  is  heated  from  the  exterior  invmrdly;  consequently  the  outer 
surface  reaches  a  welding  heat  first.       It  is  often  the  case  that 
when  the  appearance  of  the  metal  would  indicate  that  the  proper 
temperature  had  "been  reached,  it  is  in  reality  heated  insuff icientl;i' 
in  the  interior,  so  that  when  a  v/eld  is  attempted  it  will  stick 
together  on  the  edges.       In  electric  v/elding,  on  the  other  hand, 
the  heat  is  developed  first  in  the  interior,  and  comes  outward  so 
that  when  the  usual  white  sparks  are  emitted,  it  is  known  that  the 
entire  Joint  is  heated  to  the  welding  point.      The  heated  portion 
of  the  metal  will  not  oxidize  as  much  as  in  the  fire  welding  pro- 
cess; hence  a  more  perfect  weld  is  formed.      The  art  of  forcing 
the  aliutting  ends  together  in  electric  welding  is  very  simple,  and 
a  weld  is  quickly  made.      There  is  no  noise,  dirt,  or  intense  heat 
to  contend  with  in  the  electric  process,  and  no  waste  due  to  over- 
heated or  imperfect  welds,  and  no  dependence  upon  skilled  or  expen- 
sive lahor. 

APPARATUS  POR  IJAKI^IG 

In  this  investigation,  the  welds  v;ere  made  "by  the  resistance 
method.      The  machine  used  was  designed  and  constructed  hy  James 
V/illiam  Shaw  and  was  used  hy  him  for  a  thesis  on  the  "L'ethods  of 
'Jelding  Lletals",  for  the  degree  of  Bachelor  of  Science  at  the  Univ- 
ersity of  Illinois. 
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IC 

This  machine  consists  of  two  cast  iron  Jaws  A  and  B  in  Fig.  5, 
mounted  on  a  lathe  "bed.      The  fixed  Jav;  A  is  in  two  parts,  which 
are  insulated  from  each  other  by  fiber  "board  F.      The  "bottom  part 
C  is  of  cast  iron  and  the  upper  part  of  "brass .      The  sliding  Jaw 
3  is  also  divided  into  two  parts,  the  lower  part  "being  of  cast  iron 
is  fixed  to  the  frame,  while  the  upper  part  h,  which  is  of  cast 
iron  ?/ith  a  brass  plate  for  contact  piece,  moves  in  the  dove  tail 
groove  of  the  lower  part.      These  Jaws  allow  of  adjustment  to  tring 
the  specimens  into  line. 

The  test  pieces  are  placed  in  grooves  in  the  top  of  the  brass 
plates  and  are  held  in  place  by  clamps  k,  1,  which  are  tightened 
on  the  pieces  by  set  screv/s  and  nuts  m,  n.      V/hen  the  pieces  are 
placed  in  position  for  a  weld,  the  moving  Jaw  is  at  its  extreme 
lateral  position,  and  its  motion  is  effected  by  the  lever  i,  and 
toggle  Joint  J,  and  by  application  of  hand  power  to  the  lever, 
pressure  is  brought  to  bear  on  the  ends  of  the  specimens  when  v/eld- 
ing. 

The  transformer  used  was  also  designed  and  constructed  "by 
James  7/illiam  Shaw.      It  is  of  the  shell  type,  having  168  turns  of 
number  14  double  cotton  covered  magnet  wire  on  the  primary,  and 
three  turns  of  numoer  COOO  cable  on  the  secondary,  and  is  immersed 
in  oil  in  a  case  to  prevent  overheating. 

The  core  loss  of  the  transformer,  using  110  volts  in  the  pri- 
mary is  23.5  watts,  magnetizing  current  .47  amperes,  and  using  220 
volts  in  the  primary  the  core  loss  is  71.5  v/atts  and  the  magnetiz- 
ing current  .97  amperes.      The  resistance  of  the  primary  is  .787 
ohms . 

The  v/attmeter  used  is  of  the  V/estinghouse  portable  integrating 
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type  and  was  calibrated  to  read  in  watt  minutes.      This  instrument 
has  two  sets  of  voltage  terminals,  one  for  110  volts  and  the  other 
for  220  volts,  and  also  has  a  system  of  plugs  in  the  current  coil, 
hy  the  comhinations  of  which,  power  is  measured  correctly  up  to  a 
current  of  forty  amperes . 

The  ammeter  used  is  of  the  V/eston  type  and  reads  from  0  to  50 
amperes.      The  voltm.eter  used  is  also  of  this  tjrpe  and  reads  from 
0  to  250  volts. 

Referring  to  the  diagram  of  connections  in  Figure  4,  the  powei 
is  received  from  the  mains  through  the  switch  3,  passes  throurh  the 
ammeter  A,  and  v/attmeter  "J,  directly  to  the  primary  leads  1,  1,  of 
the  transformer  and  from  the  secondary  leads  1"^,  1"^,  to  the  brass 
contact  pieces  o,  p,  on  the  jaws  of  the  v/elding  machine. 
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PROCESS  OF  IvminilG  TELDS 

The  process  of  making  welds  v;ith  the  machine  used  in  these 
experiments  is  as  follows:      Bar  iron  was  obtained  and  cut  into 
test  pieces  six  inches  long;  this  length  being  convenient  for  the 
welding  machine.      Two  of  these  test  pieces  were  clamped  in  the 
Jaws  of  the  v/elder  so  that  their  ends  were  about  1/8  of  an  inch 
apart;  care  was  taken  in  lining  up  the  specimens.      The  primary 
circuit  was  then  closed,  followed  immediately  by  the  operation  of 
bringing  the  two  ends  of  the  test  pieces  together.      This  operatior 
closes  the  secondary  circuit  and  allows  current  to  flow  through 
the  test  pieces.      Pressure  v/as  exerted  upon  the  pieces  as  desired, 
the  more  pressure  causing  more  current  to  flov/  because  of  the  de- 
crease of  resistance  in  the  air  gap.      As  soon  as  the  metal  reachec 
its  fusion  point,  the  primary  circuit  was  broken,  at  the  same  time 
a  slightly  greater  pressure  was  exerted  on  the  lever  to  force  out 
the  burned  metal  from  the  center  of  the  weld.      Sizes  ol'  stock  up 
to  and  including  one-half  inch  in  diameter  were  v/elded  in  this 
manner.      Also  welds  were  made  from  square  stock  of  1/4  inch,  3/4 
inch,  and  7/16  inch  in  dimension.      The  3/8  inch  square  stock  v/as 
machine  steel,  and  the  remaining  stock  was  mild  steel,  with  the 
exception  of  3/8  inch  round  which  was  wroUf'ht  iron. 

It  was  found  necessary  to  use  110  volts  A.  C.  primary  voltage 
when  welding  stock  up  to  and  including  1/4  of  an  incn  in  diameter. 
A  pressure  of  2E0  volts  could  not  be  used  on  tnis  small  stock, 
oecause  of  the  fact  that  the  current  which  flowed  under  these  con- 
ditions was  so  great  as  to  oum  the  metal  before  the  operator  had 
sufficient  time  to  make  the  weld.      On  the  remaining  sizes  of  test 




pieces  220  volts  A.  C.  was  impressed  upon  the  primary  coil  of  the 
transformer,  and  was  found  to  work  very  satisfactorily. 

Test  pieces  £)/8  inches  in  diameter  were  placed  in  the  machine 
and  the  circuit  closed,  but  it  v/as  not  possiole  to  ohxain  a  welding 
heat.  This  was  due  to  the  fact  that  the  welding  transformer  had 
reached  its  overload  capacitor,  and  because  of  radiation  of  heat 
from  the  test  pieces  and  the  secondary  coil  of  the  transformer,  the 
current  was  not  of  a  sufficient  value  to  bring  the  metal  to  a  weld- 
ing heat . 

Llost  of  the  welds  were  made  with  the  ends  of  the  test  pieces 
flat.      However,  a  few  welds  were  made  from  each  size  of  stock  witt 
the  ends  conical.      In  making  these  welds  the  heating  begins  at 
the  interior  oi  the  metal  and  comes  outwara.      As  pressure  is  exer^ 
ed,  tiie  molten  or  burnt  metal  is  forcea  out  forming  a  ourr  at  tne 
Joint.       In  nearly  every  case,  the  joint  was  slightly  larger  than 
stock,  making  a  bulged  weld. 

TSSTIIIG  OF  TH3  V/SID3 

The  purpose  of  testing  the  specimens  after  welding  v/as  to 
determine  tne  efficiency  of  the  weld.      The  specimens  v;ere  tested 
for  ultimate  tensile  strength  in  a  Riehle  Testing  Machine.  Ul- 
timate tensile  strength  refers  to  the  maximum  stress  which  the 
specimen  will  stand.      In  the  poorer  we ids  the  point  or  creaking, 
or  rupture  point  of  the  specimens,  v/as  tne  ultimate  strength  of 
the  welds,  but  in  those  which  broke  outside  the  weld,  the  ultimate 
strength  or  the  weld  was  greater  than  the  ultimate  strength  of  the 
material.      Such  welds  had  an  efficiency  of  more  than  100  percent. 

The  specimens  were  first  tested  v/ithout  turning  down  the 


c 


15 

Dulged  j'oint  to  the  original  diameter  of  the  stock.      After  reduc- 
ing the  area  ox  the  joint  to  thax  oi  the  original  stoci:,  those 
specimens  that  oroke  outside  oi  the  joint  were  again  tested  and  in 
each  case,  with  the  exception  o±"  one,  again  oroke  outside  oi  the 
weld.      The  ultimate  stress  that  caused  this  weld  to  rupture  v/as 
approximately  equal  to  the  ultimate  strength  of  the  original  stock 
hence  the  efficiency  of  the  v/eld  was  100  percent. 

The  efficiencies  of  those  specimens  that  "broke  in  the  welds 
were  determined  from  the  ultimate  strength  of  the  material  before 
welding,  and  the  ultimate  strength  of  the  specimen.      The  efficienc||y 
of  the  v/eld  7/as  not  materially  altered  by  the  increase  of  cross- 
section,  due  to  the  metal  forced  out  from  the  interior  of  the  Joint 
because  this  metal  was  burned. 

The  first  set  of  welds  that  were  made  and  tested  were  found 
to  be  low  in  efficiency.      In  order  to  obtain  better  results  it 
was  necessary  to  v/eld  another  set  of  specimens,  applying  the  cur- 
rent for  a  longer  time  .      The  data  for  the  first  set  of  v/elds  is 
found  in  TalDles  number  2  to  number  9  inclusive,  and  that  lor  the 
second  set  of  welds  in  Tahles  number  10  to  lb  inclusive. 

Mr^THOD  OF  COIilPUTIIIG  BSSULTS 

Ultimate  strength,  as  referred  to  in  the  experiments,  means 
The  m.aximum  strength  that  the  specimen  will  withstand  in  a  tension 
test.      The  efficiency  of  the  welds,  tneretore ,  is  the  ratio  oi 
the  ultimate  strength  of  the  specimen  after  welding,  to  the  ul- 
timate strength  of  the  material,  expressed  in  percent.      For  exam- 
ple, by  referring  to  specimen  numoer  2  in  Table  2,  it  is  seen  that 
the  ultimate  strength  of  the  weld  is  2,080  pounds,  and  the  ultimat 
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sxrength  oi  the  material  is  2600  pounds.      Therefore,  the  effioiencr 
2  08 0 

o±'  the  weld  is  o-^r^?^  ^  100%  =  80%.      It  is  nox  necessary  to  reduce 
the  values  of  ultimate  strengths  in  pounds  to  ultimate  strengths 
in  pounds  per  square  inch  in  computing  the  eificiency  of  the  welds, 
since  the  cross-section  area  oi  the  stock  is  practically  the  same 
in  "both  cases . 

In  computing  the  pov/er  used  in  making  the  welds,  the  losses 
in  the  transformer  were  neglecxed  since  they  are  small  in  compariso:  i 
to  the  power  used.      However,  in  computing  the  cosx  of  power  for 
welding,  it  is  necessary  to  charge  tne  transformer  losses  to  tne 
weld,  since  these  losses  are  inherenx  v/ixn  tais  process.  Keferrin;^ 
vo  specimen  number  2  in  Taole  2,  it  is  seen  that  tne  power  consumed 
in  making  tne  weld  is   .00;i>6  kilo-watt  nuurs .      i'or  welding  purposes 
ix  was  assumed  that  power  could  De  ootained  for  five  cents  per  kilo- 
watt hour.      Hence,  the  cost  oi  pov/er  for  making-  the  weld  is  .OOiib 
ximes  5  which  is   .Olti  cenxs .      This  does  not  include  the  wa^-es  of 
laoor  nor  cost  oi  material. 

Since  the  ratio  of  primary  to  secondary  turns  is  56  to  1,  the 
primary  current  was  reduced  to  secondary  current  by  multiplying  "by 
56.      In  so  doing,  the  magnetizing  current  v/hich  is  very  small  in 
comparison  to  tne  prim.ary  current,  was  neglected.      i'rom  this  cal- 
culation, the  value  of  current  used  in  making  the  weld  was  obtained, 

TaDles  of  results  were  made,  snowing  the  data  ootained  during 
the  test,  and  tne  computed  data.      These  tables  show  the  efficiency 
of  each  T;eld  that  was  made,  the  power  consumed,  and  the  cost  of 
the  power. 
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TABLE  2. 

Mild 

Steel  -  -  - 

3/15  Inch  Diameter. 

IIo.  of 

specimen         1  2 

o 

4 

5 

6 

7 

Time  in 

seconds          17  11 

11 

14 

11 

8.5 

Aver .  Cur- 
rent in  Sec- 
ondary -Amps  . 

4705  560.1 

593 

502 

593 

605 

RAP  R 

Eovv-er  in  K  .  V' . 

Hours           .00443  .0036 

.  0035 

.00368 

.00302 

.00301 

r\     T  r\ 

.0030 

Ult.  Tensile 
Strength  of 
Specimen  in 
Pounds            2390  2080 

2000 

2180 

1260 

1520 

1630 

Ult.  Tensile 
Strength  of 
material  in 
Pounds            2600  2600 

2660 

2600 

2600 

2600 

2600 

Efficiency  of 

V/gld  in  Per- 

cent .               IOC  80 

77 

84 

48  .5 

58.5 

63  . 5 

Cost  of 

r/elds- Cents   .0222  .018 

.0175 

.0184 

.0152 

.0151 

.015 

Broke             1  in . 

from  W*  \J 

W 

W 

v; 

Yoltage  used  110 

110 

110 

110 

110 

110 

17  refers  to  the 

weld,  hence 

\I  in  the 

table  means  that 

the 

specimen  broke  in  the  weld  or  at  a 

distance 

from  it 

according 

to 

the  context . 
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Mild 

Steel  -  1/4 

Inch  : 

Diameter . 

Ho.  of 

4 

\j 

7 

f 

Time  in 

Q           ri  /I 

PR 

PP 

S7 

Aver,  Cur- 
rent in  sec- 
ondary-Amps . 

491 

w  *J  0 

h  1  1 

609 

614 

.Power  in  K.  V/ . 

XIOU.X0  »UJ.t?rrtJ 

.  U  X     <^  <-< 

.  \JX%J  J 

007  R 

OT  T  H 

.  oxxo 

Ult.  Tensile 
Strength  of 
Specimen  in 

PR!  S 

Ult.  Tensile 
Strength  of 
Eeterial  in 

xUu.Xi.U.0  OKjikJ 

'35070 

"^070 

•Zpi  70 

Efficiency  of 
Weld  in  Per- 

00  .  %) 

Q7 

Q1  R 
•/X  .  *J 

T  no 
xuu 

Cost  of 

V/e Ids -Cents 

A7P 
.  0  1 

0  RT  0 

0'^7R 

0  RQO 

Broke 

W 

1-1/B  in 

XX  (JiU  u 

.    1-1  I'd 

xrom  \ 

in.  r/ 

T 

Voltage  used  110 

110 

110 

110 

110 

110 

110 
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TABLE  4 

Mild 

Steel 

-  1/4  Inch  by  1/4 

Inch . 

llo.  of 
Specirp.en  1 

Z 

3 

4 

5 

6 

7 

Time  in 
Seconds  23 

31 

33 

40 

36 

30 

29 

Aver.  Cur- 
rent in  Sec- 
ondary-Amps . 

651 

694  .5 

650 

650 

685 

r*  o  CT 

725 

711 

Pov/er  in  K.  17. 
Eours  .0119 

.0123 

.0123 

.0123 

.0135 

r\l  T  t" 

.  0115 

.0117 

Ult.  Tensile 
Strength  of 
Specimen  in 
Pounds  2990 

3990 

3460 

3910 

3960 

4000 

3965 

Ult,  Tensile 
Strength  of 
Material  in 
Pounds  40C0 

4000 

4000 

4000 

4000 

4000 

4000 

Efficiency  of 
■7eld  in  Per- 
cent  73.5 

100 

86.5 

98 

99  .15 

100 

99  . 2 

Cost  of 

V/e  Ids -Cents 

.  0595 

.0615 

.0615 

.0615 

.0675 

.0575 

.  058c 

Broke 

2-1/2 
from 

in.  W 

r 

5  in. 

from 

3  in. 

17  from 

4  in. 

V;    from  r, 

Yoltage  used 
110 

110 

110 

110 

110 

110 

110 

**  This  refers  to 

conical  ends  and  v;hen  found 

after  a 

number 

in  the  tahle  signifies 

that  the 

specimen 

referred 

to  had  conical 

ends  "before  \7elding. 

20 

TABLE    5 . 

Mil§ 

Steel  - 

-  3/8  Inch 

Diameter 

ITo.  of 
SpeciFien  1 

2 

3 

4 

5 

,  Ail- 
fa 

7^ 

Time  in 
Seconds  IS 

11 

10 

10 

11 

10.5 

10.5 

Aver.  Cur- 
rent in  Sec- 
ondary-Amps . 

1761 

1928 

1849 

1941 

1780 

1765 

1720 

Power  in  K,XI. 
Hours  .0216 

.0223 

.0213 

.0206 

.0206 

.0207 

.020C 

Ult.  Tensile 
Strerigth  of 
Specimen  in 
Pounds  7080 

3900 

8130 

6280 

3350 

6910 

6860 

Ult.  tensile 
Strength  of 
Material  in 
Pounds  7t)2ti 

7525 

7i)25 

7525 

7525 

752t) 

7525 

Efficiency  of 
'7eld  in  Per- 
cent .  94 

51.8 

100 

83  .4 

45  .4 

100 

91 .5 

Cost  of 

V/elds-Cents.l08 

.1115 

.1065 

.1030 

.1030 

.1035 

.lOOC 

Broke 

\I 

4  in. 

from  W 

W 

5  in . 

from  U 

Voltage  used 

220 

220 

220 

220 

220 

220 

220 

21 

TABLE 

6 . 

V/r ought  Iron 

-  3/8 

Inch  Diameter. 

IIo.  of 
opecimen  1 

2 

3 

4 

5** 

6 

7 

Time  in 
Seconds  10 

13 

12 

11 

11 

11 

11 

Aver.  Cur- 
rent in  Sec- 
ondary-Amps . 

1805 

1861 

1867 .5 

1772 

1849 

1810 

1867.6 

Pov;er  in  K.  17. 
Hours  .0213 

.0218 

.0237 

.021 

.0202 

.0209 

.0207 

Ult.  Tensile 
Strength  of 
Specimen  in 
Pounds  3420 

4420 

4900 

3820 

4920 

3400 

2980 

Ult .  Tensile 
Strength  of 
Material  In 
Pounds  4900 

4900 

4900 

49^0 

4900 

4900 

4900 

Efficiency  of 
Ueld  in  Per- 
cent .  70 

90 

100 

78 

100 

69  .5 

61 

Cost  of 
VTeld-Cents 

.1065 

.1090 

.1185 

.1050 

.1010 

.1045 

.1035 

Broke 

^! 

3  in. 

from 

r 

w 

\! 

Voltage  used 

220 

220 

220 

220 

220 

220 

220 

22 

TABLE     7 . 

Machine 

Steel  -  3/d 

Inch 

3y  3 /o  Inch . 

Ho.  of  opecimen 
1 

2 

3 

4 

5 

Time  in 
Seconds  15 

15 

15 

15 

15 

13 

14.5 

Aver.  Cur- 
rent in  Sec- 
ondary-Amps , 
2040 

20;0 

1955 

2090 

1975 

2145 

1875 

Power  in  Z.V/. 
Hours  .0300 

.0312 

.0315 

.0320 

.0322 

.0299 

.0298 

Ult.  Tensile 
Strength  of 
Specimen  in 
Pounds  7180 

6900 

6520 

6770 

7730 

9610 

9320 

Ult.  Tensile 
Strength  of 
Material  in 
Pounds  12760 

12760 

12760 

12760 

12760 

12760 

12760 

Efficiency  of 
lYeld  in  Per- 
cent.  56.5 

54 

51 

53 

60.5 

75.2 

73 

Cost  of 

7/"elds-Gents  .15 

.156 

.1575 

.1600 

.1610 

.1495 

.1490 

Broke 

W 

W 

¥ 

F 

Voltage  used 

220 

220 

220 

220 

220 

220 

220 

• 
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TABLE    8 . 

Mild 

Steel  - 

1/2  Inch 

Diameter . 

IIo.  of 
Specimen  1 

a 

4 

5 

6 

7 

Time  in 
Seconds  40 

35 

45 

43 

37 

35 

37 

Aver.  Cur- 
rent in  Sec- 
ondary-Amps . 

18E0 

1907 

I59t) 

1695 

IV80 

1835 

1766 

Power  in  K.  r;. 
Hours  .077 

.068 

.0764 

.0795 

.0700 

.0695 

.0715 

Ult.  lensile 
Strength  of 
Specimien  in 
Pounds  8740 

9310 

8410 

8100 

9850 

9620 

7530 

Ult.  Tensile 
Strength  of 
Material  in 
Pounds  12400 

12400 

12400 

12400 

12400 

12400 

12400 

Efficiency  of 
I7eld  in  Per- 
cent.  70.5 

75  .0 

68 

65  .4 

79  .5 

77  .5 

61 

Cost  of 
Yields-Cents 

.3855 

.34 

.382 

.398 

.35 

.349 

.358 

Erolre 

W 

W 

W 

Voltage  used 

220 

220 

220 

220 

220 

220 

220 
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9 

-   7  /  1  fi 

XxlOll              1  /  xo 

IIo.  of 
SpeciTren  1 

z 

5 

6 

Time  in 
Seconds  30 

34 

45 

1  36 

44 

39 

37 

Aver .  Cur- 
rent in  Sec- 
ondary-Amps . 

£065 

1920 

1800 

1850 

1732 

1829 

1844 

Power  in  K. 
Hours  .0625 

• 

.0677 

.084 

.0677 

.077 

.0765 

.0704 

Ult.  Tensile 
Strength  of 
Specimen  in 
Pounds  6320 

9650 

8370 

7450 

11.030 

9120 

8060 

Ult.  Tensile 
Strengtn  of 
Material  in 
Pounds  11720 

11720 

11720 

11720 

11720 

11720 

11720 

Efficiency  of 
'Tela  in  Per- 
cent 54 

82.2 

71.5 

63.5 

94 

77.8 

69 

Cost  01 
V/elds -Cents 

.3125 

.3385 

.4200 

.3385 

.3885 

.383 

.352 

"Broke 

V/ 

VI 

W 

r; 

W 

W 

Voltage  used 
220 

220 

220 

220 

220 

220 

220 

1 

TABLE    10 . 


Mild  Steel  -  3/8  Inch  Diameter. 


number  of  Specimen 


Time  in  Seconds 


4 


19 


Average  Current  in  Second- 
ary -  Amperes  lb95 


Power  in  K.  VI,  Hours 


.313 


Ultimate  Tensile  Strength 

of  Specimen  in  Pounds  5100 

Ultimate  Tensile  Strength. 

of  Material  in  Pounds  5100 


Efficiency  of  Tfeld  in 
Percent 

Cost  of  V<'elds  -  Cents 
Broke 


100 


4  in. 

from  W 


16 


1765 


.031 


5100 


5100 


100 


.1565  .155 


4  in. 

from  17 


14 


1830 
.0267 

4800 


5100 


94.2 


.1535 


17 


1850 
.024 

3840 


5100 


75.2 


.1200 


T7 


Voltage  used 


220 


220 


220 


220 


25 


TABLE    11 . 


«"rougJit  Iron  -  3/8  Incli  in  Diameter. 


ITumber  of  Specimen 


4 


Time  in  Seconds 


13 


16 


16 


20 


Average  Current  in  Second- 
ary -  Amperes  1710  1771 


1720 


1490 


Power  in  K.  \l .  Hours 


.0275  .0304 


.0280 


.0320 


Ultimate  Tensile  Strength 

of  Specimen  in  Pounds         6200  7040 

Ultimate  Tensile  Strength 

of  Material  in  Pounds         7080  7080 


7080 


7080 


7050 


7080 


Efficiency  of  V/eld  in 

Percent  87.5 


100 


100 


100 


Cost  of  Yields  -  Cents 


Broke 


Voltage  used 


.1375 

220 


.1520  1400 


4  in. 
from  ¥ 

220 


4  in. 

irom  \I 

220 


1600 


5  in. 

from  T7 

E20 


TABLE  IE 


Machine  Steel  -3/8  Inch  Dy  3/8  Inch. 


l^umber  of  Specimen 


Time  in  Seconds 


25 


24 


24 


Average  Current  in  Second- 
ary -  Amperes  1820 


Pov/er  in  K.  17.  Hours 


1785 


.0422  .0432 


1820 


.0410 


Ultimate  Tensile  Strength 

of  Specimen  in  Pounds  SlOO 


10,100  10,000 


Ultimate  Tensile  Strength 

of  Toaterial  in  Pounds         12450  12450 


12450 


Efficiency  of  Ueld  in 
Percent 


73.2 


81.1 


80.2 


Cost  of  V/elds -Cents 


.2110  .2150 


.2050 


Broke 


1  in. 

from  Y7 


Voltage  used 


220 


220 


220 


TABLE 
Mild  Steel  -  7/16 


lJumber  of  Specimen  1 

Time  in  Seconds  42 

Average  Current  in  Second- 
ary -  Amperes  1720 

Power  in  E.  V!.  Hours  .0620 

Ultimate  Tensile  Strength,  of 
Specimen  in  Pounds  10330 

Ultimate  Tensile  Strength. 

of  Material  in  Pounds  12130 

Jifficiency  of  Weld  in 

Percent  85.2 

Cost  of  VJelds-Cents  .3100 

Broke  W 

Voltage  used  220 


28 


13. 

by  7/16  Incli. 


2                 3  4 

4E               45  6£ 

177b  1805  1715 

.0776  .0717  .1060 

8470  11940  10740 

12130  12130  12130 

70  98.5  88.3 

.3880  .3580  .5300 
WWW 

220              22C  220 


Mild  Steel  ■ 

Huni'ber  of  Specimen 

Time  in  Seconds 

Average  Current  in  Second- 
ary -  Amperes 

Power  in  K.  V/.  Hours 

Ultimate  Tensile  Strength 
of  Specimen  in  Pounds 

Ultimate  Tensile  Strength 
of  Material  in  Pounds 

Efficiency  of  V/eld  in 
Percent 

Cost  of  Uelds  -  Cents 
Broke 

Voltage  used 


TABLE    14 . 
1/2  Inch  in  Diam.eter. 


12  3 

4y               49  47 

1762          1774  1890 

.0875         .0893  .0907 

11450        10520  11200 

12450        12450  12450 

92          84.5  90 

.4250         .4470  .4530 

WWW 

220           220  220 


TABLE    15 . 
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Mild  Steel  -  1/4  Inch  by  3/4  Inch. 


number  of  Specimen 


Time  in  Seconds 


6S 


130 


93 


60 


Average  Current  in  Second- 
ary -  Amperes  1085  1375 


Pov/er  in  K,  IT.  Hours 


.0937  .1720 


1387 


.1180 


1675 


.1252 


Ultimate  Tensile  Strength 

of  Specimen  in  Pounds  9900 

Ultimate  Tensile  Strength 

of  Material  in  Pounds  11030 


Efficiency  of  Tfeld  in 
Percent 

Cost  of  u"elds  -  Cents 


89.6 


6940 


63 


.4770  .8600 


7700 


11C30  11030 


69.8 


.5900 


9610 


11030 


87.2 


.6160 


Broke 

Yoltage  used 


220 


17 


220 


220 


220 
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TABLE    16 . 


Size  of  Spec- 
imen in  Dia . 


3/15 
Mild 


Time  in 
Seconds 


0 
5 

10 
15 
17 


Aver .  Current 
in  Secondary. 
Amperes . 

560 

504 

437 

426 

426 


Power  Con- 
sumed in 
T/att  Hours 


4.43 


0 

672 

10 

560 

1/4 

15 

549 

Mild 

25 

549 

37 

532 

0 

704 

5 

728 

10 

6d4 

15 

672 

1/4  Square 

SO 

650 

laid 

E5 

650 

30 

550 

36 

655 

3/8  Mild 


0 
5 


1850 
1V63 


21.6 
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TABL3    lb . 

Continued . 

Size  of  Spec- 

Tirne in 

Aver.  Current 

Power  Con- 

imen in  Dia. 

Seconds 

in  Secondary 

sumed  in 

wa  i/X  xioiixS 

1  n 

iU 

13 

1736 

U 

pm  R 

5 

1850 

3/8  TTrought 

30.4 

7A  RP 

16 

1559 

u 

1  c)  K  n 

D 

10 

1850 

3/8  Square 

41.0 

Mac nine 

15 

1763 

Steel 

pn 
C\J 

24 

1680 

u 

X  u 

o 

T  P  7 
Xo  f  D 

xooo 

15 

1815 

7/16  Square 

71.7 

ivilxQ. 

X  /  «  O 

1  7Rn 
X  1  ou 

tOVJ 

T  7'^ A 
X  /  OD 

X  /  Oo 

43 

1747 

33 


TABLE    16  .  COiTTIHUi:!) 

Size  of  'Jpec-           Time  in  Aver.  Current        Pov/er  Con 

imen  in  Di&.             Seconds.  in  Secondery         sumed  in 

Amperes .  Fatt  Hour 

0  2050 

5  2040 

10  2015 

15  1960 

20  1888 

1/2  i:ild  90.7 

25  1830 

30  1803 

35  1776 

40  1763 

47  1755 
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TABLE  17. 


Size  of      i'eterlal    Aver.  Pov/er 


Specimen 
Kound 


Orig-  Second 
inal  Test 
Test 


Aver.  Efficiency 

Orig-  oecond 

inal  Test. 
Test 


Aver.  Cost 
for  Power 
Orig-  Second 
inal  Test 


Sq.  In .  T7att  Hours 

.0E76        Eild  Steel  3.46  -- 


Cents . 
.0173 

.0578 

.1050 


Percent 


0491 


,1103 


Tt  IT 


t»  TT 


11.56  -- 


73 


84.8 


21.01     E«.2b  80.8 


,1103  r/rought 

Iron  21.40  29.50 


81.2 


,1965        llild  Steel  73.15  89.16  71.6 


Square 

.0625        Mild  Steel  12.93     --  93.9 


.1405  Machine 

Steel  31.04  42.15  60.5 

,1915        Mild  Steel  72.54  79.32  73.1 


92.3 


96.9 


88.8 


78.1 


85.5 


.1412 

.1072  .1475 
,3657  .4458 

,0645 

,1552  .2106 
3627  .3^66 
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CURVES 

Curves  were  plotted  showing  the  variation  of  current  with 
time  01"  making  v/eld,  for  various  sizes  of  material,  and  for  an 
impressed  voltage  of  110  and  220  volts.      These  curves  are  shov/n 
on  plates  number  1  and  numlDer  2.      In  every  case  the  curves  show 
that  the  current  decreased  with  increase  of  time,  due  to  the  fact 
that  the'  heating  of  the  material  increased  its  resistance. 

The  curves  on  plate  number  3  show  the  variation  of  average 
power  consumed  in  making  the  weld,  with  the  cross-sectional  area 
of  the  material.      The  lower  curve  was  plotted  from  data  in  Tahle 
num.her  17,  of  specimens  having  low  efficiencies,  compiled  from 
average  values  in  Tahles  numher  2  to  9  inclusive.      The  upper 
curve  was  plotted  from  data  in  Table  number  17,  of  specimens 
having  high  efficiencies,  taken  from  average  values  in  Tables 
number  10  to  number  14  inclusive.      A  comparison  of  these  curves 
shov/s  that  more  power  was  consumed  in  making  welds  of  higher 
efficiency. 


lQiiiiiiiiiP 


EUSENE  DIETZCEN  CO..  CHiCACO. 


EUGENE  DIETZSEN  CO..  CHiC«60. 


EUSENE  DieTZSEN  CO..  CHICAaO. 
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coiicLUSioirs 

From  an  investigation  of  the  results  of  all  the  tests  of  v;elds , 
made  "by  the  resistance  method  of  electric  welding,  it  is  seen  that 
the  T7elds  having  the  "best  efficiency  were  made  v/ith  a  smaller 
value  of  current  than  was  used  in  making  the  welds  of  the  same  sizi; 
having  a  poorer  efficiency,  hut  the  current  in  the  first  case  was 
applied  for  a  greater  length  of  time.      This  was  found  true  for 
lengths  of  time  up  to  a  critical  point,  after  which  further  ap- 
plication of  the  current  "burned  the  metal  at  the  Joint,  therehy 
decreasing  the  efficiency  of  the  weld. 

The  increase  of  cross-sectional  area  at  the  joint,  due  to 
pressure  applied  does  not  effect  the  efficiency  of  the  poorer  weld::  , 
"because  this  increased  area  was  composed  of  "burned  metal,  forced 
out  from  the  center  of  the  weld,  as  shov/n  "by  an  investigation  "of 
the  ends  of  the  "broken  specimens.      A  study  of  the  high  efficiency 
welds  shows  that  the  Joints  in  most  cases  were  slightly  "bulged, 
"but  the  material  in  the  Joint  vms  not  hurned;  therefore,  a  tetter 
Vtreld  was  o"btained. 

From  these  experiments,  the  results  sho/r  that  the  average 
efficiency  of  welds  made  from  stock  with  conical  ends  is  prac- 
tically the  same  as  the  average  efficiency  of  welds  made  from 
stock  with  flat  ends;  therefore,  in  small  stock  such  as  was  used 
in  these  tests,  there  is  no  advantage,  as  far  as  efficiency  is 
concerned,  in  making  v/elds  from  stoci^  with  conical  ends.  Hov/- 
ever,  when  welds  are  to  "be  made  from  larger  stock  it  is  reason- 
a"ble  to  "believe  that  it  is  an  advantage  to  have  conical  ends,  due 
to  the  fact  that  the  metal  at  the  center  will  reach  a  welding 
heat  an  appreciable  length  of  time  "before  that  at  the  surface. 
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In  such  a  OB.se,  if  oonical  ends  vzere  used,  the  molten  metal  at 
the  center  of  the  weld  v/oiild  "be  forced  out  to  the  edge  as  t)ress- 
ure  is  applied,  allowing  time  for  the  outside  surface  to  reach  a 
welding  temperature . 

The  results  also  show  that  the  power  required  to  weld  wrought 
iron  is  approximately  five  percent  greater  than  that  required  to 
weld  mild  steel  of  the  same  size,  the  time  of  producing  the  weld 
"being  approximately  the  same  in  "both  cases  .      Machine  steel  was 
successfully  welded,  but  since  no  other  material  of  the  same  size 
was  welded,  it  is  not  possible  to  make  a  comparison  of  power  re- 
quired, and  time  of  producing  the  v/eld. 

IProm  the  curves  on  curve  sheet  numher  3,  it  is  seen  that  the 
power  required  to  weld  round  and  square  stock  is  ahout  the  same  . 
This  fact  is  true  for  small  specimens  such  as  was  welded  in  this 
test.      Sut  for  larger  stock,  the  pov/er  required  to  weld  square 
material  will  prohahly  he  greater  than  that  required  for  round 
material  of  the  same  cross-sectional  area,  because  of  the  increas 
in  radiating  surface .      This  difference  of  power  is  not  shown 
in  the  results  of  the  tests  since  the  increase  of  radiating  sur- 
face for  square  material  Is  very  small  in  comparison  to  the  rad- 
iating surface  for  round  material  of  the  same  cross-sectional 
area,  on  small  stock.      These  curves  also  show  that  the  power 
consumed  in  v/elding  material  of  different  sizes  does  not  vary 
directly  v/ith  the  cross-sectional  area,  but  varies  as  some  power 
of  the  cross-sectional  area  greater  than  one. 

The  average  efficiencies  of  all  the  v/elds  made  in  the  orig- 
inal and  second  tests  were  found  to  1:    77.4  percent,  and  88.3 


percent  respectively^ .  This  would  indicate,  that  with  more  exper 
ience  on  tne  part  or,  the  operator,  welds  of  still  higher  efficien 
cies  oould  he  made . 

The  scope  of  this  investigation  v/as  limited  hy  the  small 
capacity  of  the  welding  machine,  since  it  was  impossible  to  v/eld 
stock  larger  than  one-half  of  an  inch  in  diameter. 
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